
Asialotransferrin—An Alternative to
Carbohydrate-deficient Transferrin?

To the Editor:
Asialotransferrin, monosialotransfer-
rin, and disialotransferrin are collec-
tively referred to as carbohydrate-
deficient transferrin (CDT) (1, 2 ).
Over the last several years, the defi-
nition of CDT has become increas-
ingly vague (which transferrin iso-
forms are CDT isoforms and which
are not). Thus, different transferrin
isoforms are analyzed with various
recoveries as CDT (2 ). The lack of
standardization of CDT analysis
complicates the preanalysis, analysis,
and interpretation of CDT. To over-
come this problem, consistent use of
the CDT definition introduced by
Stibler (1 ), a redefinition of CDT, or
replacement by a clearly defined ana-
lyte is needed (2 ).

In our laboratory, using isoelectric
focusing for transferrin isoform anal-
ysis (3–5), we observed a high prev-
alence of bands for asialotransferrin
and monosialotransferrin, plus an in-
creased fraction of disialotransferrin,
in serum samples with increased
CDT. In contrast, samples from
healthy persons (with typical alcohol
intake and CDT values within the
reference interval) usually did not
show asialo- and monosialotrans-
ferrin bands. Similar observations
have been reported by others (1, 2 ).
This prompted the suggestion to re-
place the analyte group CDT by asia-
lotransferrin as a clearly defined ana-
lyte (6 ). However, there has not been
a sufficiently sensitive and quantita-
tive analytical method available to
investigate the value of asialotrans-
ferrin as a marker of chronic alcohol
abuse.

Recently, Legros et al. (7 ) showed
that asialotransferrin (measured by
capillary electrophoresis) had the
best test performance for differenti-
ating between teetotalers and alco-
holics when compared with CDT
(%CDT TIA assay), disialotrans-
ferrin, and asialo- � disialotrans-
ferrin (capillary electrophoresis). In
their study, asialotransferrin showed
the greatest area under the ROC
curve. The authors pointed out that

the high asialotransferrin test perfor-
mance could result from the extreme
differences between groups selected
(teetotaler vs alcoholics). The signifi-
cance of this study has been appreci-
ated and discussed by Whitfield (8 ).

In another study (9 ), the same
group examined moderate and ex-
cessive alcohol consumption. This
report clearly showed the superior
diagnostic efficiency of asialotrans-
ferrin compared with CDT, even in
populations that are “closer to real
life”. These studies (7, 9 ) are the first
experimental confirmation of the
case for monitoring asialotransferrin
(6 ). Arguments for further assess-
ment of asialotransferrin as an alter-
native to CDT are presented here.

The first argument is that a clearly
defined analyte simplifies the valida-
tion of preanalysis (e.g., blood sam-
pling, preparation, and shipment),
analysis, and interpretation com-
pared with an analyte group (with
individual definitions of this group).
Replacing the analyte group CDT by
the clearly defined analyte asialo-
transferrin has the potential to over-
come some of the basic problems of
CDT analysis, e.g., consistent defini-
tion of the analyte, standardization
of the analysis, and development of a
direct CDT assay.

The structure of asialotransferrin
can be heterogeneous, with incom-
plete N-glycans (lack of all terminal
sialic acid molecules but presence of
remnant carbohydrate chains) or
with a complete lack of the N-gly-
cans. Legros and coworkers (7, 9 ) did
not examine the carbohydrate struc-
ture of the transferrin isoforms be-
hind the different capillary electro-
phoresis signals. Thus, it remains
unclear whether the signal assigned
to asialotransferrin (7, 9 ) represents
asialotransferrin with only incom-
plete (sialic acid-deficient) N-glycans
or asialotransferrin completely lack-
ing N-glycans. This important point
needs further investigation. How-
ever, there is evidence (obtained by
two independent analytical meth-
ods) of the complete lack of both
N-glycans in at least some of the
asialotransferrin molecules that are
present in serum after chronic alco-
hol abuse (2, 10, 11 ). In this case, the

analyte asialotransferrin is clearly
defined and does not allow individ-
ual interpretation.

The second argument is that anal-
ysis can be optimized for asialotrans-
ferrin. This will undoubtedly sim-
plify the validation of basic
analytical criteria such as analytical
specificity and sensitivity (which
must be higher compared with CDT
analysis), detection limit, recovery,
and intra- and interassay CVs.

The third argument is that asialo-
transferrin is not present, or is
present in only trace amounts
(�0.5% of total transferrin) (2 ), un-
der physiologic conditions.

The fourth argument is that asialo-
transferrin represents the transferrin
isoform with the most distinct in-
crease after chronic alcohol abuse.
Serum asialotransferrin increases by
219–250%, monosialotransferrin by
only 28–58%, and disialotransferrin
by 148–225% (12 ).

The fifth argument has multiple
parts: (a) Asialotransferrin (isoelec-
tric point �5.9) differs from tetrasia-
lotransferrin (isoelectric point �5.4)
by 0.5 pH units. This is of major
importance because tetrasialotrans-
ferrin is the quantitatively most im-
portant (non-CDT) isoform (64–80%
of total transferrin). (b) Disialotrans-
ferrin as the most important CDT
isoform differs from tetrasialotrans-
ferrin by only �0.2 pH units and
trisialotransferrin by only � 0.1 pH
units. As a result, coanalysis of small
amounts of this non-CDT isoform
can cause overestimation of CDT. (c)
Following from (a) and (b), the anal-
ysis of asialotransferrin should be
more robust against pH variations
compared with CDT analysis, where
slight pH differences can cause coe-
lution or cofocusing of CDT and non-
CDT isoforms (3–5). (d) Monosialo-
transferrin (isoelectric point �5.8),
which is anodically next to asialo-
transferrin, is usually absent (13 ) or
is present in only very small amounts
[�0.9% of total transferrin (12 )]. Un-
der conditions of complete trans-
ferrin-Fe3� saturation, there is no
transferrin isoform cathodically next
to asialotransferrin. Thus, significant
cofocusing or coelution of asialo-
transferrin with other transferrin iso-
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forms, especially non-CDT isoforms,
is unlikely.

The sixth, and final, argument is
that as an analyte, asialotransferrin
can simplify the production of a spe-
cific antibody for a direct assay. With
a complete lack of both transferrin
N-glycans (2, 10, 11), the structure of
asialotransferrin is different from the
structure(s) of the non-CDT iso-
forms. Thus, there is the possibility
of raising a specific antibody that
binds strongly to the analyte (asialo-
transferrin), e.g., to an epitope near
or at the original point of attachment
of the carbohydrate chain(s). The
availability of such an antibody
against asialotransferrin would make
a direct assay (without microcolumn
fractionation of asialotransferrin
from the other transferrin isoforms,
as is currently needed for CDT and
non-CDT fractionation by most of
the commercial CDT assays) more
probable. This would be an impor-
tant step toward automation of CDT
(or, more precisely, asialotransferrin)
analysis.

Regardless of whether CDT or
asialotransferrin is used for labora-
tory diagnosis of chronic alcohol
abuse, the diagnosis should always
be made based on inclusion of a
clinical questionnaire and �-glu-
tamyltransferase, and not on a single
CDT value alone. Strategies for in-
creasing the reliability of CDT results
by use of a screening and confirma-
tory method have been discussed re-
cently in this journal (14 ).
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Modification of the Colorimetric
Assay for Serum Unsaturated Iron-
binding Capacity

To the Editor:
We reported recently that total iron-
binding capacity (TIBC) values calcu-
lated from serum iron and unsatur-
ated iron-binding capacity (UIBC)
values were significantly lower than
those obtained by a direct and fully
automated TIBC assay (1, 2). We also
reported that slopes of regression

lines for calculated TIBC values plot-
ted against serum transferrin (TRF)
were �7% lower than the theoretical
ratio of TIBC to TRF (TIBC/TRF �
25.1 �mol/g). We found that this
could be attributed to underestima-
tion of UIBC values by colorimetric
methods. One possible reason for un-
derestimation of UIBC values was
insufficient saturation of TRF. We
modified the assay conditions of a
colorimetric method for UIBC mea-
surement to improve the correspon-
dence between TIBC values con-
verted from TRF and those
calculated from serum iron and
UIBC.

Both serum iron and UIBC were
determined by colorimetric methods
(Wako Pure Chemical Industries)
with a Hitachi Model 7070 auto-
mated analyzer. Serum TRF concen-
trations were determined by a neph-
elometric assay on a Behring
Nephelometer II analyzer (Dade Be-
hring). UIBC values were deter-
mined by four modified methods
(Table 1). UIBCA was measured by
the original method, in which assay
conditions were set by the manufac-
turer. Incubation time for saturation
of TRF was extended from 5 min to
10 min for the measurement of
UIBCB. The ratio of iron provided to
saturate TRF per serum sample
(iron/serum) was increased from
0.195 �mol/L to 0.26 �mol/L for the
measurement of UIBCC by decreas-
ing sample volume from 20 �L to 15
�L. Finally, both incubation and the
iron/serum ratio were increased for
the measurement of UIBCD. TIBC
values were calculated as the sum of
serum iron and each UIBC value and
designated Cal-TIBCA, Cal-TIBCB,
Cal-TIBCC, and Cal-TIBCD, respec-
tively. TIBC values converted from
serum TRF concentrations with the
theoretical TIBC/TRF ratio were des-
ignated Con-TIBC. We also calcu-
lated Cal-UIBC values as the differ-
ence between Con-TIBC and serum
iron values. Correlations were as-
sessed by principal component re-
gression analysis. The 95% confi-
dence interval (95% CI) for the slope
of a regression line was estimated by
the bootstrap method. A significance
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